INTRODUCTION
It has been estimated that more than 1.3 billion tons of biomass such as agricultural and forest wastes are produced annually in the United States (Perlack et al., 2005) . Generation of biofuel from such biomass has been thought to be an economical alternative to limited fossil fuel resources (Jeffries, 2006; Jeffries & Shi, 1999; Jeffries et al., 2007) . A few earlier studies have reported the presence of gut yeasts in wood-decaying beetles by microscopic observation or by molecular cloning (Nardi et al., 2006; Zhang et al., 2003) , and this has been proven by repeated isolation of many phylogenetically distinct yeasts from these beetles (Suh et al., , 2004 (Suh et al., , 2005 Houseknecht et al., 2011) . Interestingly, some of these yeasts, such as Scheffersomyces stipitis, Spathaspora passalidarum and Candida jeffriesii, are able to produce ethanol from xylose, a major component of hemicellulose, which is a backbone of plant cell walls (Nguyen et al., 2006; Suh et al., 2003) . Although the role of gut yeasts is not fully understood, evidence suggests that the enzymes produced by these yeasts aid in digestion and detoxification of the diets taken by the hosts and/or that the yeasts provide essential nutrients directly to the insects, such as amino acids, vitamins and lipids (Dowd, 1992; Vega & Dowd, 2005) . Therefore, wooddecaying insects and their woody habitat have proven to be good sources of micro-organisms that may offer solutions for biofuel production from lignocellulosic biomass.
The genus Scheffersomyces was proposed by Kurtzman & Suzuki (2010) to accommodate a group of Pichia species, Pichia stipitis, Pichia segobiensis and Pichia spartinae, during their efforts to revise the large, polyphyletic genus Pichia. The genus was later expanded by the inclusion of seven related Candida species as new combinations, as well as four novel species isolated from rotten woods and wood roaches (Urbina & Blackwell, 2012; Urbina et al., 2013) . On the other hand, based on sequence comparison of nuclear rRNA (nrRNA) genes and three protein-coding genes, Kurtzman & Robnett (2013) pointed out that Scheffersomyces spartinae has been incorrectly assigned to the genus. A careful phylogenetic re-evaluation of each Scheffersomyces species is needed in order to clarify the possible heterogeneity in the genus.
During a survey and characterization of the microbial flora associated with wood-ingesting beetles, we found that the majority of yeasts from these insects belonged to species in the Scheffersomyces clade and a few related Candida species, but some of them had never been reported before. Here, we propose four novel yeast species based on both molecular and other taxonomic characteristics, and also discuss the ecology and biofuel implications of yeasts associated with wood-ingesting beetles.
METHODS
Yeast isolation and identification. Wood-ingesting insects and woody substrates near their habitats were collected from rotten logs on Bull Run Mountain (38u 499 420 N 77u 429 580 W) in Broad Run, VA, USA (Table 1) . Methods for isolating yeasts from insects were described in detail previously (e.g. Suh et al., 2003) . Selected isolates were deposited at the ATCC and the CBS (Table 1) . The morphological observations and metabolic tests that constitute the standard yeast description were performed according to established methods (Barnett et al., 2000; Kurtzman et al., 2011) . Assimilation tests for carbon and nitrogen sources were done in liquid media. Starved inocula were used in nitrogen and vitamin assimilation tests. Yeasts were observed individually; similar isolates were crossed in all combinations for possible ascospore formation on YM agar, 2 % malt extract agar and cornmeal agar at 25 uC for up to 6 weeks. Degradation of cellulose and xylan was tested by the dye diffusion method using cellulose azure agar and RBB-xylan agar, respectively, as described by Pointing (1999) .
DNA sequencing and molecular phylogenetic analyses.
Methods for nucleic acid extraction, PCR amplification and sequencing of the nrRNA genes were discussed by Suh & Zhou (2010) . Four additional protein-coding genes were sequenced to achieve better phylogenetic resolution for closely related taxa. Those genes and the primers used for PCR and sequencing were: the translation elongation factor 1-a gene (EF-1a) with primers EF1-983F and EF1-2218R (Rehner & Buckley, 2005) ; the RNA polymerase II largest subunit gene (RPB1) with primers RPB1-Af and RPB1-Cr (Stiller & Hall, 1997; Matheny et al., 2002) ; the RNA polymerase II second largest subunit gene (RPB2) with primers fRPB2-5F, fRPB2-7cR, RPB2-6F and RPB2-6R (Kurtzman & Robnett, 2003) ; and the xylose reductase gene (XYL1) with primers XYL1-forward and XYL1-reverse (Urbina & Blackwell, 2012) . PCR conditions for amplification of the protein-coding genes were those recommended in the references for each primer. The sequences generated were compared to those of other yeasts in GenBank using the BLAST search program (Altschul et al., 1990) . Selected DNA sequences were aligned with the multialignment program CLUSTAL_X (Thompson et al., 1997) and the alignment was adjusted visually.
GenBank accession numbers for all the DNA sequences generated in this study are listed in Table S1 , available in IJSEM Online. Maximum-parsimony analyses were performed using PAUP 4.0b10 (Swofford, 2002) . Heuristic tree searches were executed using the tree bisection-reconnection branch-swapping algorithm with random sequence analysis. Maximum-likelihood analyses were performed using the DNAML program of PHYLIP version 3.69 (Felsenstein, 2009) with empirical frequencies and a transition/transversion ratio of 2.0. Bootstrap values of the most parsimonious tree were obtained from 1000 replications. Bayesian Markov chain Monte Carlo analysis was performed with MRBAYES version 3.0b4 (Ronquist & Huelsenbeck, 2003) to estimate the probability of nodes. The analysis consisted of 1 000 000 generations of four chains sampling every 10 generations, and the first 100 000 generations were discarded as burn-in. The remaining trees were imported into PAUP to estimate the posterior probability. Base-pair differences were counted using BLAST 2 sequences (Tatusova & Madden, 1999) or from a manually aligned sequence database.
RESULTS AND DISCUSSION

Yeast isolation and novel species
A total of 295 micro-organisms, including 120 bacterial strains and 175 strains of filamentous fungi and yeasts, were isolated from beetles, wood roaches, termites and other insects inhabiting rotten logs, as well as from woody substrates inhabited by the insects. The majority of the filamentous fungi were species of Penicillium and some Mucor-like fungi, such as Umbelopsis and Mucor species. Most of these fungi were able to utilize xylose as a sole carbon source and a few of them could degrade cellulose (data not shown). Yeasts were frequently isolated from the gut of beetles, such as the passalid Odontotaenius disjunctus (Table 1 ), but not from termites or roaches in this study, although a few previous studies have reported the presence of gut yeasts associated with termites and wood roaches (Prillinger et al., 1996; Schäfer et al., 1996; Urbina et al., 2013) . Of the 122 yeast strains isolated in this study, more than 95 % were able to assimilate xylose, and almost half could ferment the sugar to ethanol. Five of the strains could degrade cellulose and xylan, which are the major components of plant tissues, as sole carbon sources, and some of them were previously assigned to a novel species, Trichosporon xylopini (Gujjari et al., 2011 yeasts from the study were also assigned to novel species in several genera of the Saccharomycotina in earlier papers (Houseknecht et al., 2011; .
By comparison of the internal transcribed spacer (ITS) and the D1/D2 region of the large-subunit (LSU) rRNA gene, which are widely used for fungal molecular systematics (Kurtzman, 2006; Kurtzman & Robnett, 1998; Schoch et al., 2012) , 69 yeast isolates were identified as members of species of Scheffersomyces and related Candida species (Kurtzman, 2011; Kurtzman & Suzuki, 2010; Lachance et al., 2011; Urbina & Blackwell, 2012) . Details of these strains, including their isolation sources, are given in Table  1 . Scheffersomyces stipitis (or its close sister taxon Scheffersomyces illinoinensis) and 'Scheffersomyces' (5Candida) coipomoensis were the most frequently isolated species from O. disjunctus and other wood-ingesting insects (Table  1) . Two isolates from insect tunnels, ATCC MYA-4655 and EH072, were identified as 'Scheffersomyces' (5Candida) ergatensis based on their identical DNA barcode sequences to the type strain ATCC 22589 T (Tables 1 and S1 ). The remaining strains were isolated somewhat less frequently from the environment we tested, but were distinct from any previously described species based on DNA sequence comparisons as well as other biochemical characteristics (Figs 1, 2 and S1; Tables 1, 2 and 3). Those could be divided into four groups, (i) strains ATCC MYA-4653 and MYA-4654, (ii) ATCC MYA-4859, (iii) strains ATCC MYA-4650 and MYA-4651 and (iv) strain ATCC MYA-4652. Taxonomic characteristics and molecular phylogeny of the first two groups correspond well to those of the genus Scheffersomyces, while the remaining two showed close relationships to the species near Candida glaebosa, C. coipomoensis and C. ergatensis (Figs 1, 2 and S1; Tables 2  and 3 ) (Kurtzman, 2011; Kurtzman & Suzuki, 2010; Urbina & Blackwell, 2012) . Therefore, we propose Scheffersomyces parashehatae f.a., sp. nov., Scheffersomyces xylosifermentans f.a., sp. nov., Candida broadrunensis sp. nov. and Candida manassasensis sp. nov. to accommodate the yeasts belonging to these four groups.
Description of Scheffersomyces parashehatae
Suh & Zhou f.a., sp. nov.
Scheffersomyces parashehatae (pa.ra.she.ha9ta.e. Gr. prep. para beside, alongside of, near, like; N.L. gen. n. shehatae a specific epithet; N.L. gen. n. parashehatae like shehatae, referring to its phylogenetic closeness to S. shehatae). Table S1 for individual strain numbers. DIdentification was not performed to the species level for these two closely related sister taxa.
S. Fig. 1 . Best tree obtained from maximum-likelihood analysis of combined sequence data from the SSU rRNA gene, the D1/D2 region of the LSU rRNA gene, EF-1a, RPB1 and RPB2 from species of Scheffersomyces and related taxa selected from Kurtzman & Suzuki (2010) and Kurtzman & Robnett (2013) . Saccharomyces cerevisiae NRRL Y-12632 T was used as the outgroup. The insect-associated yeasts isolated from this study are highlighted in bold. See Table S1 for accession numbers of sequences used in this analysis. Numbers on tree branches indicate percentages (¢50 %) of bootstrap samplings derived from 1000 samples that supported the internal branches/percentage probability of nodes in Bayesian analysis (in some cases, the numbers are shown above/below the branch for reasons of space). The topologies with bold lines indicate those that were congruent in trees reconstructed from both maximum-likelihood and maximum-parsimony analyses. Bar, 2 substitutions per 100 nucleotide positions.
Four novel yeasts from wood-ingesting beetles
MycoBank number: MB805440.
After 10 days of growth in YM broth at 25 u C, cells are subglobose to ellipsoidal or ovoid (1.5-2.561.5-3 mm) and occur singly, in pairs or in small clusters (Fig. 3a) . Pseudohyphae are present but no true hyphae are observed. After 10 days of growth on YM agar at 25 uC, colonies are white to cream-coloured, butyrous and smooth with entire margins. After 12 days at 25 u C on 2 % malt extract agar and Dalmau plate culture on cornmeal agar, pseudohyphae and true hyphae are present. Aerobic growth is white to cream-coloured with slightly filamentous margins. No ascospores are observed after 6 weeks at 25 uC on YM agar, 2 % malt extract agar or cornmeal agar. See Table 2 for a summary of physiological characteristics.
The type strain is ATCC MYA-4653 T (5CBS 12535 T 5 EH045 T ), isolated from the gut of a larva of Odontotaenius disjunctus (Coleoptera; Passalidae) on a rotten log, Bull Run Mountain, Broad Run, VA, USA. An additional strain, ATCC MYA-4654 (5EH046), was also isolated from a larva of O. disjunctus collected at the sampling place. The GenBank/EMBL/DDBJ accession numbers for the DNA barcode sequences of the type strain are HQ652051 and HQ651972 (ITS and D1/D2 region of LSU rRNA gene, respectively). N.L. part. adj. xylosifermentans xylose-fermenting, referring to its ability to ferment xylose as a sole carbon source).
Description of
MycoBank number: MB805441.
After 10 days of growth in YM broth at 25 u C, cells are subglobose to ellipsoidal or ovoid (1.5-2.561.5-4 mm) and occur singly, in pairs or in small clusters (Fig. 3b) . Pseudohyphae are present (Fig. 3c) . After 10 days of growth on YM agar at 25 u C, colonies are white to cream-coloured, butyrous and smooth with entire margins. After 12 days at 25 u C on 2 % malt extract agar and Dalmau plate culture on cornmeal agar, pseudohyphae and true hyphae are present. Aerobic growth is white to cream-coloured with filamentous edges. No ascospores are observed after 6 weeks at 25 uC on YM agar, 2 % malt extract agar or cornmeal agar. See Table 2 for a summary of physiological characteristics. The only known strain of the species, ATCC MYA-4859 T , is able to grow at temperatures up to 40 u C. MycoBank number: MB805442.
After 10 days of growth in YM broth at 25 uC, cells are subglobose to ellipsoidal (2-462-4 mm) and occur singly, in pairs or in small clusters (Fig. 3d ). Pseudohyphae and true hyphae are not present. After 10 days of growth on YM agar at 25 u C, colonies are white to cream-coloured, butyrous and smooth with entire margins. After 12 days at 25 u C on 2 % malt extract agar and Dalmau plate culture on cornmeal agar, pseudohyphae are present. Aerobic growth is white to cream-coloured with slightly filamentous margins. No ascospores are observed after 6 weeks at ; 5, C. c.f. coipomoensis ATCC MYA-4656 and MYA-4657. The following characteristics were the same in all strains: fermentation of D-glucose (+), melibiose (2), lactose (2), melezitose (2), raffinose (2) and inulin (2); assimilation of carbon compounds D-glucose (+), Dgalactose (+), D-glucosamine (+), L-rhamnose (2), sucrose (+), maltose (+), trehalose (+), methyl a-D-glucoside (+), melibiose (2), raffinose (2), inulin (2), glycerol (+), ribitol (+), xylitol (+), D-glucitol (+), D-mannitol (+), D-glucuronate (2), D-galacturonic acid (2), succinate (+) and quinic acid (2); assimilation of nitrogen compounds potassium nitrate (2), sodium nitrite (2), L-lysine (+), cadaverine (+), creatine (2), creatinine (2), imidazole (2) and Dtryptophan (2); growth without myo-inositol (+), pantothenate (+), biotin (+), pyridoxine (+), niacin (+) and 4-aminobenzoic acid (PABA) (+); growth at 25 and 30 u C (+) and 42 u C (2) and on 1 % acetic acid (2), 60 % D-glucose (2) and 16 % NaCl (2); starch formation (2), acetic acid production (2), urea hydrolysis (2) and diazonium blue B reaction (2). +, Positive reaction or growth; 2, negative reaction or no growth; d, delayed positive reaction or delayed growth; W, weakly positive reaction or weak growth. Fermentation of carbon compounds
a,a-Trehalose Four novel yeasts from wood-ingesting beetles 25 uC on YM agar, 2 % malt extract agar or cornmeal agar. See Table 2 for a summary of physiological characteristics.
The type strain is ATCC MYA-4650 T (5CBS 11838 T 5 EH019 T ), isolated from the gut of an unidentified tenebrionid beetle on a rotten log, Bull Run Mountain, Broad Run, VA, USA. An additional strain, ATCC MYA-4651 (5EH037), was isolated from the gut of an unidentified beetle larva collected at the same location. The GenBank/ EMBL/DDBJ accession numbers for the DNA barcode sequences of the type strain are HQ652048 and HQ651969 (ITS and D1/D2 region of LSU rRNA gene, respectively).
Description of Candida manassasensis Suh & Zhou sp. nov.
Candida manassasensis (ma.nas.sas.en9sis. N.L. fem. adj. manassasensis of or belonging to the city of Manassas, VA, USA, the location of the ATCC, where the type strain is preserved).
MycoBank number: MB805443.
After 10 days of growth in YM broth at 25 u C, cells are globose to subglobose or ovoid (1.5-2.561.5-2.5 mm) and occur singly, in pairs or in many small clusters (Fig. 3e) . Pseudohyphae and true hyphae are not present. A thin pellicle is present on the inner surface of the test tube. After 10 days of growth on YM agar at 25 u C, colonies are white to cream-coloured, butyrous and smooth with slightly filamentous margins. After 12 days at 25 u C on 2 % malt extract agar and Dalmau plate culture on cornmeal agar, pseudohyphae are present (Fig. 3f) . Aerobic growth is white to cream-coloured with filamentous edges. No ascospores are observed after 6 weeks at 25 u C on YM agar, 2 % malt extract agar or cornmeal agar. See Table 2 for a summary of physiological characteristics.
The type strain is ATCC MYA-4652 T (5CBS 12534 T 5 EH030 T ), isolated from the gut of Xylopinus saperdioides (Coleoptera; Tenebrionidae) on a rotten log, Bull Run Mountain, Broad Run, VA, USA. The GenBank/EMBL/ DDBJ accession numbers for the DNA barcode sequences of the type strain are HQ652050 and HQ651971 (ITS and D1/D2 region of LSU rRNA gene, respectively).
Molecular phylogeny of the genus Scheffersomyces
Kurtzman & Suzuki (2010) proposed the genus Scheffersomyces to accommodate three Pichia species, P. stipitis, P. segobiensis and P. spartinae, which formed a clade that was phylogenetically distinct from the type species Pichia membranifaciens based on sequence comparison of nuclear small-subunit (SSU) rRNA gene and the D1/D2 region of the LSU rRNA gene. Based on their analysis, several Candida species were also included in the clade: C. shehatae, C. ergatensis and C. coipomoensis. Later, Urbina & Blackwell (2012) expended the genus Scheffersomyces by adding three novel species and seven new combinations from Candida, including the above three species. Another novel species, Scheffersomyces cryptocercus, was proposed recently for a xylose-fermenting yeast isolated from wood roaches (Urbina et al., 2013) . Kurtzman & Robnett (2013) compared the type species of 70 currently recognized genera by sequence divergence in the SSU and LSU rRNA genes, EF-1a, RPB1 and RPB2 and found that the genus Scheffersomyces is polyphyletic. The results showed that 'Scheffersomyces' spartinae was placed in a clade with Spathaspora passalidarum, distinct from the type species S. stipitis, although the clade was weakly supported by statistical analyses. Our results from multilocus DNA sequence comparison with an extended taxon sampling also indicate that the genus is not monophyletic, but includes at least four phylogenetically distinct groups scattered on the tree (Fig. 1): (i) S. stipitis (the type species), S. shehatae and related xylose-fermenting species, (ii) 'S.' coipomoensis and 'S.' ergatensis, (iii) 'Scheffersomyces' (5Candida) lignicola and 'Scheffersomyces' (5Candida) queiroziae and (iv) 'S.' spartinae and 'Scheffersomyces gosingicus' (5Candida gosingica). The results suggest strongly that the genus Scheffersomyces should be circumscribed to the monophyletic group of xylose-fermenting yeasts near the type species, i.e. S. stipitis, Scheffersomyces segobiensis, S. illinoinensis, S. xylosifermentans, Scheffersomyces insectosa, Scheffersomyces lignosus, S. shehatae, S. cryptocercus, Scheffersomyces quercinus, Scheffersomyces virginianus and S. parashehatae (Figs 1 and 2) . The remaining three groups, which have been treated previously as members of Scheffersomyces, may become representatives of several novel genera, although their phylogenetic relationships with other genera were not fully resolved in this study (Fig. 1 ).
Characteristics and phylogeny of the yeasts isolated from wood-ingesting beetles
Candida lignosa and Candida insectosa were originally described as varieties of Candida shehatae (Kurtzman, 1990) , but Kurtzman & Suzuki (2010) later elevated them to species status. Recently, these species were transferred to the genus Scheffersomyces along with three newly described species, S. virginianus, S. quercinus and S. cryptocercus (Urbina & Blackwell, 2012; Urbina et al., 2013) . S. parashehatae and S. xylosifermentans, described in this study, are phylogenetically closely related to these xylosefermenting Scheffersomyces species, especially to S. shehatae and its close relatives (Figs 1 and 2) . As the two novel species differ from other xylose-fermenting species in the S. shehatae clade by only 1 to 5 substitutions in the ITS and 0 to 2 substitutions in the D1/D2 region (Table S1) , it is not easy to distinguish them from other species by nrRNA gene sequence analysis alone (Fig. S1 ). However, sequence analyses of four protein-coding genes showed clearly that S. parashehatae and S. xylosifermentans are phylogenetically distinct from other species in the clade. Sequence similarities between the two novel species and the six other Scheffersomyces species in the clade were 97-99 % in EF-1a, 91-99 % in both RPB1 and RPB2 and 89-95 % in XYL1 (Table 3) . As pointed out earlier by Urbina & Blackwell (2012) , the N-terminal region of the xylose reductase gene (XYL1) has proven to be a good barcode region which could differentiate well all recognized species in the S. shehatae group except S. virginianus and S. quercinus (Table 3) . Intraspecific variation of the gene among strains of S. illinoinensis, S. insectosa, S. shehatae and S. parashehatae was less than 1 % (Table S1) .
A tree derived from the combined sequences of all seven loci (Fig. 2) showed a better phylogenetic resolution for the species near S. shehatae, although S. virginianus and S. quercinus were not well distinguished from each other in this analysis. The two species may be conspecific, based on results from the multilocus DNA sequence comparison (Fig. 2) . Strains ATCC 58780 and ATCC 201078 were isolated from rose tips and seawater, respectively, and were deposited at the ATCC as C. shehatae. However, our results indicate that the two strains are additional members of S. parashehatae based on their high sequence similarity (99-100 %) to S. parashehatae in all the genes compared (Table  S1 ). In the phylogenetic tree reconstructed from the multilocus DNA sequences, the two strains were distinguished from S. shehatae but were grouped with the type strain of S. parashehatae, ATCC MYA-4653 T , with high statistical support (Fig. 2) . All the strains in S. parashehatae were also well discerned by high similarity in the deduced amino acid sequence of the XYL1 gene: amino acid sequence variation among the strains in the species was 0-2 residues of 191 compared amino acids, while the differences from other species were greater than 7 residues (Fig. S2 ). S. xylosifermentans formed an independent lineage in the S. shehatae clade (Figs 1 and 2) , and was distinguished from other members of the clade by its ability to ferment methyl a-D-glucoside and cellobiose (Table 2 ). The only strain linked to this species, ATCC MYA-4859 T , is able to grow at 40 u C, which is a rare trait among strains of S. shehatae and related taxa (Lachance et al., 2011; Urbina & Blackwell, 2012; Urbina et al., 2013) .
S. illinoinensis was proposed for a yeast isolated from a rotten wood of Carya illinoinensis (Urbina & Blackwell, 2012) , and is closely related to a well-known xylosefermenting yeast, S. stipitis. Interestingly, more than half of the yeast isolates from this study were identified as S. illinoinensis or S. stipitis, and most of them were associated with the passalid beetle O. disjunctus (Table 1 ). The presence of S. stipitis-like yeasts in the gut of O. disjunctus has been reported in a few previous studies based on microscopic observation (Lichtwardt et al., 1999; Suh et al., 2004; Nardi et al., 2006) as well as molecular biological approaches Zhang et al., 2003) , and the repeated isolation of S. illinoinensis (or S. stipitis) in this study agrees well with previous findings. Although S. illinoinensis and S. stipitis are highly similar to each other in nrRNA gene sequences (Fig. S1 ), the two species can be clearly differentiated by the sequences of RPB1, RPB2 and XYL1 (Figs 1 and 2 and Table S1 ; Urbina & Blackwell, 2012) .
Phylogenetically, C. broadrunensis was placed among the cellobiose-fermenting Candida species, near C. coipomoensis and C. ergatensis (Figs 1 and 2) . The species can be well separated from its relatives C. coipomoensis, C. ergatensis and Candida amazonensis by nucleotide variation in the ITS (14-21 bp) and the D1/D2 region (11-13 bp) as well as the other compared protein-coding genes (Figs 1 and 2) . Those species can also be differentiated by a few physiological characteristics, such as the ability to ferment a,a-trehalose and to assimilate L-sorbose ( Table 2) .
As mentioned above, C. coipomoensis was one of the most frequently isolated species from the gut of O. disjunctus and its larvae (Table 1) . Previously reported strains of this species, such as ATCC 58904
T and CBS 4604, were isolated from fallen trees or from the larvae of wood-boring cerambycid beetles (Lachance et al., 2011) . The recurrent isolation of this particular yeast group from woodinhabiting insects indicates that C. coipomoensis could be involved in the process of wood decay, and these insects might play an important role in the dispersal of yeasts in such environments. However, the C. coipomoensis isolates from this study, e.g. ATCC MYA-4656 and MYA-4657, were distinguished from the type strain ATCC 58904
T by 1-4 % sequence divergence in the EF-1a, RPB1 and RPB2 genes, although they were identical in their nrRNA gene sequences and showed similar physiological characteristics (Figs 1 and 2 and Tables 2 and S1 ). In this study, we tentatively placed those isolates as C. cf. coipomoensis, since protein-coding gene sequences were not determined for all the isolates in the group. A further study with an extended taxon sampling near C. coipomoensis is needed in order to clarify the phylogenetic position of these isolates.
C. manassasensis is a close sister of Candida palmioleophila in the C. glaebosa clade, which is near the species of Scheffersomyces (Kurtzman & Suzuki, 2010) . The two species differ from each other by 6 bp positions in the ITS and the D1/D2 region, while they showed greater variation in EF-1a, RPB1 and RPB2 (90-96 % similarity) (Table S1 ). Physiologically, C. manassasensis can be distinguished easily from C. palmioleophila by its ability to ferment glucose, maltose, sucrose and a,a-trehalose, as well as by the absence of growth at 37 u C (Table 2) .
Including this study, we have reported the isolation and identification of a large number of yeasts from woodinhabiting insects (Houseknecht et al., 2011; Gujjari et al., 2011; . Although these insects were collected in a relatively small geographical area in the USA, the insect-associated yeasts were highly diverse, and many of them represented previously unknown species. These yeasts demonstrated several useful physiological traits in fully utilizing lignocellulosic biomass, such as assimilating and fermenting xylose and/or cellobiose as well as degrading woody polysaccharides, cellulose and xylan (this study; Houseknecht et al., 2011; Gujjari et al., 2011) . Surveying gut microbes in wood-decaying insects from various regions in different climates will certainly help to find additional valuable biological/genetic sources for developing ethanol production from biomass.
